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A chemically defined medium capable of supporting the production of heatstable and heat-labile hemolysins by Vibrio parahaemolyticus is described. The indispensability of serine and glutamic acid for hemolysin production is also demonstrated.
Hemolysins produced by Vibrio parahaemolyticus are of considerable interest because of their association with the enteropathogenicity of the organism. Sakuari et al. (6) have demonstrated that there are two distinct hemolysins, a thermostable direct hemolysin produced by Kanagawa phenomenon (KP)-positive strains and a thernolabile hemolysin produced by KPnegative strains. Production of hemolysins is considerably affected by the NaCl content and heat sterilization of the medium (4). All of the studies on hemolysin production by V. parahaemolyticus have been conducted using complex media. Apart from Wagatsuma agar, which is the medium used for differentiation of KP-positive from -negative strains, hemolysin production has been demonstrated in brain heart infusion (5), modified syncase medium, modified peptone medium (8) , and nutrient broth (3). However, a chemically defined medium (CDM) capable of supporting hemolysin production by V. parahaemolyticus has not so far been available. Such a medium is highly essential to elucidate the factors controlling hemolysin production by V. parahaemolyticus, and a successful formulation of such a medium is described below.
The TA medium devised by Callahan et al. (1) for studies on toxin production by Vibrio cholerae was tried first, but this medium did not support good growth of V. parahaemolyticus. The medium was modified by omitting arginine, glycerol, and trace element solution and by dissolving the other ingredients in distilled water instead of tris(hydroxymethyl)aminomethane buffer. Mannitol was used as the source of carbon. The final medium contained 0.25% serine (SD's Lab. Chem., Bombay, India), 0.25% asparagine (BDH, Poole, England), 0.25% glutamic acid (E. Merck, Darmstadt, W. Germany), 0.5% mannitol (BDH), 0.02% Na2HPO4 (BDH), 0.25% KCI (BDH), 0.005% MgSO4.7H20 (BDH), and 7% NaCl (BDH). The pH was adjusted to 8.0, and the medium was sterilized by passing through a membrane filter (0.45-,um pore size; Millipore Corp., Bedford, Mass.). Wagatsuma broth was prepared by the method of Speck (7), except agar was omitted.
Three KP-positive (TY 49, TY 15, and TY 17) and three KP-negative (TY 78, TY 36, and TY 56) strains of V. parahaemolyticus, obtained from the National Institute of Cholera and Enteric Diseases, Calcutta, were used in the experiments. These were maintained in nutrient agar containing 3% NaCl at room temperature, and a loopful of overnight culture in the same medium was inoculated to 10 ml of synthetic medium or Wagatsuma broth in 100-ml conical flasks. After growth at 37°C for 48 h, the cells were removed by centrifugation, and the supernatant was sterilized by passing through a Millipore membrane filter (0.45-,um).
Hemolysin in the culture filtrates was assayed as follows. Doubling dilutions of the filtrate, starting from 1:20, were prepared in phosphatebuffered saline (pH 7.2). To 0.5 ml of each dilution, the same volume of a 2% suspension of washed rabbit erythrocytes in buffered saline was added. This mixture was incubated at 37°C for 4 h and then kept in the refrigerator overnight. The highest dilution showing a visible hemolysis was noted.
All three KP-positive strains of V. parahaemolyticus could produce hemolysin in the CDM, and the titers were comparable to that obtained in Wagatsuma broth (Table 1) . To examine the heat stability of hemolysins, a portion of the culture filtrate was heated at 100°C for 10 min and cooled, and then its hemolysin titer was determined. As shown in Table 2 , the three KPpositive strains produced heat-stable hemolysins in the CDM. The titer in TY 17 culture filtrates VOL. 41, 1981 Further experiments were conducted to see whether the amino acid content of the CDM could be minimized. Media free of one amino acid at a time were separately prepared, and their ability to support hemolysin production was studied as with CDM. Table 3 shows that serine and glutamic acid are indispensable for hemolysin production by V. parahaemolyticus. In the absence of asparagine, on the other hand, heat-stable hemolysins were produced, though the titers were lowered.
These results clearly demonstrate that V. parahaemolyticus can produce both heat-stable and heat-labile hemolysins in a CDM. This medium will be of great use in further studies on the factors controlling hemolysin production by V. parahaemolyticus. The importance of serine for hemolysin production has a similarity to the critical role of this amino acid in toxin production by V. cholerae (2) . Magnesium is also indispensable for hemolysin production, since exclusion of magnesium resulted in poor growth and no hemolysin. Even in V. cholerae, Karunasagar NOTES 1275 et al. (2) have shown that magnesium is essential for toxin production.
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